A gonococcal inhibitor produced by Staphylococcus haemolyticus was separated into three components by reverse-phase h.p.l.c. The amino acid composition analysis of each of the three components indicated extensive similarities. N-Terminal sequence analysis of all three components allowed the identification of the first 27-30 residues of each. The complete primary structure of each component was determined from the sequence analysis of trypic peptides and peptides generated by mild acid hydrolysis. Each component is composed of 44 amino acid residues, with evidence suggesting the presence of an N-terminal formylmethionine residue in each. The components I, II and III have respectively 33, 29 and 33 identical amino acid residues in their sequences, which represents 75 %, 65.9 % and 75 % homology. These components contain a high proportion of hydrophobic amino acids, and their hydrophobicity profiles are closely related. Also, each of the three components contains a positively charged residue (lysine) as the third residue, followed by a core of hydrophobic residues. These results suggest that the three components are possible signal sequences of one or more secreted or membrane-associated proteins.
INTRODUCTION
Staphylococci are the aerobic micro-organisms isolated from the urogenital flora that most frequently inhibited the growth of gonococci on solid medium (Bisaillon et al., 1980) . The purification of a bactericidal inhibitor produced by coagulase-negative staphylococci no. 7 was described by Beaudet et al. (1982) . The characterization of the purified substance revealed that it was a lipoprotein or a lipid-associated protein in which the protein component is the active part. The protein component was a low-Mr peptide that in the absence of a dissociating agent is present as large-M, complexes or aggregates. Bisaillon et al. (1985) have identified strain no. 7 as Staphylococcus haemolyticus.
The chemical and biological characterization of the gonococcal growth inhibitor was pursued (Frenette et al., 1984) . This substance lysed cells such as erythrocytes, HeLa cells and WI 38 cells. The haemolytic spectrum of the inhibitor against erythrocytes of different animal species showed that human and horse erythrocytes were the most susceptible. The haemolytic and antigonococcal activities of the purified substance were inhibited in the presence of phosphatidylcholine. Many of the properties exhibited by the inhibitor are similar to those reported for staphylococcal 4-lysin (Kreger et al., 1971; Chow et al., 1983) . However, the two substances are different, mainly on the basis of their physical and chemical characteristics such as Mr, isoelectric point and amino acid composition.
The present work was undertaken to determine the amino acid sequence of the gonococcal growth inhibitor produced by S. haemolyticus. This inhibitor is composed of three different constituent peptides presenting high degrees of homology in their amino acid sequences. On the basis of the results obtained, it is suggested that these peptides may be ideal candidates for the signal sequence of one or more secreted or membrane-associated proteins.
MATERIALS AND METHODS Bacterial strains
Staphylococcus haemolyticus no. 7 was used for the production of the bactericidal inhibitor (Bisaillon et al., 1980; Lafond et al., 1981; Beaudet et al., 1982) . The reference target strain was Neisseria gonorrhoeae G-10 and it was cultivated as previously described (Frenette et al., 1984) . These strains were kept either in a freeze-dried state or as frozen suspensions at -76°C. Production and purification of the gonococcal inhibitor
The production and purification of the gonococcal inhibitor were carried out as previously described (Beaudet et al., 1982 Elution was with an acetonitrile gradient (1 %/min) at 1.5 ml/min from a Synchropak RP-P column equilibrated in 0.05 % trifluoroacetic acid. The letter T denotes trypsin cleavage. Amino acid compositions of these peptides are given in Elution from a Synchropak RP-8 column was as described in Fig. 2 legend. The letter A denotes mild acid cleavage. Amino acid compositions of these peptides are given in Table 3 .
Hydrophobicity profile On the basis of the amino acid sequence of inhibitor components I, II and III, we determined their hydrophobicity profiles by the method of Kyte & Doolittle (1982) . The window length used in calculating hydrophobic profiles was nine residues according to this method. Such determinations were also done for 4-lysin of Staphylococcus aureus on the basis of the amino acid sequence reported by Fitton et al. (1980) and for staphylokinase (Sako & Tsuchida, 1983 ) and fl-lactamase (Table 1) indicated the presence of four lysine residues in both components I and II and three lysine residues in component III. Each of the three components was therefore subjected to trypsin cleavage and the resulting peptides were separated (Fig. 2) . Samples of each peptide were removed for amino acid composition analysis (Table 2 ) and subsequent sequence analysis. Trypsin cleavage at the conserved Lys-3 and Lys-22 residues in addition to the Lys-18 in component I and Lys-9 in component II made possible the alignment of the peptide sequences through overlap with the N-terminal sequences previously determined for all three components. The tentative placement of the C-terminal tryptic peptide in each component was made on the basis of its lack of a C-terminal lysine residue.
Mild acid cleavage of components I, and Im
Conclusive evidence for the nature of the C-terminus and the complete primary structure was provided by overlapping sequences after sequence analysis ofpeptides derived by mild acid cleavage in 0.25 M-acetic acid. These peptides were separated (Fig. 3) and their amino acid compositions were determined (Table 3) . Sequence analysis of the peptides generated by cleavage at the conserved Asp-19 in addition to the Asp-17 in component I, Asp-29 in component II and Asp-10 in component III provided overlapping sequences for all the tryptic-digest peptides, thereby providing additional evidence for the correct alignment of the tryptic-digest peptides. Amino acid sequences of components I, and m
The complete amino acid sequences of the components I, II and III based on the identification of amino acids and alignment of peptides obtained are presented in Fig.  4 . Peptides I, II and III have respectively 33, 29 and 33 identical residues in their sequences, which represent 75 %, 65.9 % and 75 % homology (Fig. 5) . The degree of homology was found in the area between residues 14 and 44, where it was between 81 and 84 % as compared with between 31 and 54 % homology for the 13 residues at the N-terminal extremity. The Mr values of the components are respectively 4555, 4759 and 4596. Hydrophobicity profile The hydrophobicity profiles presented in Fig. 6 are quite similar for the three components. Despite a slight difference in the patterns of the first 15 residues for each of the polypeptides, and the absence of a pronounced peak around the 37th residue for component II as compared with components I and III, the three hydrophobicity profiles are almost superimposable. However, these profiles are different from the ones found for &-lysin and the signal peptides for staphylokinase and ,-lactamase of S. aureus.
DISCUSSION
Previous work (Beaudet et al., 1982) suggested that the antigonococcal substance produced by S. haemolyticus no. 7 was composed of one small polypeptide chain present as aggregates or complexes. The present study (f) has clearly shown that the inhibitor is composed of three peptides of similar length differing only slightly in their amino acid sequences. This discrepancy is due to the very similar Mr values of the peptides (4550-4750), which could not be differentiated by polyacrylamide-gel electrophoresis in the presence of SDS and urea. In the presence of 4 M-urea the antigonococcal substance was present as a complex estimated to be of Mr approx. 15000 (Beaudet et al., 1982) . This complex may result from the association ofthe three peptides either randomly or in a particular arrangement. The presence of three peptides raises many questions on the structure of the complex and on the activity of each peptide; comparison of the antigonococcal and haemolytic activity of the purified peptides alone and after their reassociation in different arrangements will be needed to resolve these problems.
To our knowledge, the amino acid sequences of the peptides I, II and III are different from those reported in the literature for other proteins of staphylococci. Moreover, they are also different from the amino acid sequence of 6-lysin of S. aureus reported by Fitton et al. (1980) even though many properties are shared by these substances. Frenette et al. (1984) have shown that the antigonococcal substance and 8-lysin have similar haemolytic spectra, affinity for some phospholipids, the absence of proline, tyrosine, histidine, arginine and cysteine from their amino acid compositions, a high predominance of hydrophobic residues and the ability to disrupt tissueculture cells. However, on the basis of the limited amino acid sequence homology between these substances, the peptides I, II and III cannot be considered as another class of 8-haemolysin, as is the case for dog 8-lysin (Fitton et al., 1980) . Moreover, the three components can also be differentiated from 8-lysin on the basis of their hydrophobicity profiles.
On the basis of their amino acid sequences, it is suggested that the peptides I, II and III could possibly act as signal sequences for three or more secreted or membrane-associated proteins. In his compilation of published signal sequences, Watson (1984) has found that signal peptides are characterized by the presence of an N-terminal formylmethionine residue, 20-40 amino acid residues and a high content of hydrophobic amino acids. Also, the general format of a signal seems to include a charged residue within the first five amino acid residues, followed by a core of hydrophobic residues. These properties are all observed for the peptides I, II and III. Signal peptides similar in length to the three peptides have been observed, for example the ,i-lactamase signal peptide of Bacillus cereus contains 45 amino acid residues (Sloma & Gross, 1983) . Fitton et al. (1980) have already suggested that 6-lysin could act as a signal sequence, although Lee & Birkbeck (1984) suggest that this is unlikely.
It has been demonstrated that signal peptides share little primary sequence homology, and the study by Kendall et al. (1986) demonstrates the importance of overall structural features. When compared with the signal peptides of S. aureus for ,3-lactamase and staphylokinase, which contain 24 and 19 amino acid residues respectively, the primary sequence and the hydrophobicity profiles of peptides I, II and III are different. Although there is evidence suggesting that the three peptides represent signal sequences, the final proof of their role will result from the isolation and purification of the precursor proteins and comparison of their amino acid sequences with those of the three peptides described here. Confirmation of the signal peptide function of these peptides will allow us to study the process of localization and secretion of certain proteins by the staphylococcal cell. The small differences in the amino acid sequences among peptides I, II and III could be a unique tool to study the relationship between the structure and function of signal peptides.
